The interaural level difference (ILD) of a lateralized target source is reduced when the target is presented together with background noise containing no ILD. It is unknown whether listeners simply use this reduced aggregate ILD or are still able to utilize the target ILD in a lateralization task. Behavioral experiments revealed that the temporal asynchrony between the onsets/offsets of the target and the background noise resulted in the population of listeners actually perceiving a larger ILD than the target ILD. For synchronous onsets/offsets, however, the perceived ILD depended on the coherence of the background noise. With coherent background noise, the population of subjects perceived a reduced ILD near the aggregate ILD. In contrast, the population of subjects made a reasonable estimate of the target ILD when the background noise was diffuse. Implementation of an Equalization Cancellation model and taking the compensatory level equalization that yields the lowest output as an estimate for the ILD results in the reduced ILD of the aggregate stimulus being reported regardless of the background noise coherence. However, applying an appropriate normalization factor to the model's output results in a dependence on background noise coherence for ILD lateralization as seen in the behavioral experiments.
INTRODUCTION
It is well-known that the interaural level difference (ILD) and the interaural time difference (ITD) can both lead to a perception of spatial lateralization on the horizontal plane with a high degree of accuracy (Grantham, 1995) . The addition of background noise and reverberation to the target source, however, can decrease the accuracy of these interaural cues (Rakerd and Hartmann, 1985; Shinn-Cunningham et al., 2005) . Therefore, determining the relationship between the perceptual changes and the acoustical changes found in these more realistic auditory scenes is of interest. In general, ILDs present in the target signal will be reduced due to the addition of background noise. Therefore, in this study, it is of particular interest to compare the perceived ILD with the physical ILD entering the auditory system.
The ILD of an isolated target stimulus can be represented as the ratio of energies between the left and right ears where a unity ratio represents a diotic presentation. When a diffuse background noise is added equally to both the left and right channel, the ratio of energies will be closer to unity depending on the signal-to-noise ratio (SNR). This aggregate stimulus results in an effectively smaller ILD, i.e. is shifted toward the midline. The reduced ILD will be referred to as the aggregate ILD for the remainder of this paper.
Although no previous studies have investigated whether the ILD of the target can be extracted for such a task, other lateralization and localization experiments have shown either that the perceived position of the target is pushed more lateral away from the interfering noise or that the perceived position of the target is pulled toward the interfering noise (Braasch and Hartung, 2002; Best et al., 2007) . Furthermore, Lee et al. (2009) showed that pushing or pulling performance will be observed depending on the spectral and temporal relationships of the target and additional sound sources. They suggest that spectrally and temporally similar sound elements will be bound together resulting in the target sound being pulled toward the other congruent sound elements. Otherwise, if two distinct sound objects are perceived, pushing of the target sound away from the interfering sound will occur where the degree of pushing decreases as the temporal separation between the two sounds increases.
In addition to the temporal relationships of the target and background noise, the coherence of the interfering noise has been shown to be factor that affects the lateral just-noticeable difference (jnd) and absolute localization accuracy of an ITD lateralized target sound (Robinson and Egan, 1974; Trahiotis and Bernstein, 1990 ). An ITD results in a shift of the interaural cross-correlation maximum, which yields a more obvious interaction with the coherence of interfering noise; however, the ILD has no direct effect on the cross-correlation function. This raises a question as to whether ILD lateralized targets may also be susceptible to the perceptual changes resulting from interfering noise of varying degrees of coherence The aim of this research is to determine if human listeners use the aggregate ILD to lateralize a target in noise or if the actual target ILD can still be heard. It is possible that the ability to use either the target or aggregate ILD is dependent on the disparity between the target and background noise onsets or the coherence of the background noise. Subsequent to the psychophysical results, a modified version of the equalization-cancellation (EC) model (Durlach, 1963; Breebaart et al., 2001 ) is shown to predict the difference in observed performance between coherent and diffuse background noise.
METHODS & STIMULI
For all lateralization experiments, nine listening subjects completed an adaptive three-interval acoustical pointer task on headphone presented stimuli. The first and third intervals contained a perfectly coherent target stimulus with the same target ILD, which was temporally centered within background noise containing no ILD. The ILD of the pointer in the second interval (presented in isolation without background noise) was adjusted left or right by the listener to match the perceived lateral position of the target ILD in the first and third intervals. The initial step size (4 dB) in the adaptive procedure was halved after two direction reversals until the minimum step size was 1 dB where two more reversals were completed.
Both the target stimulus and background noise used in this research were broadband (20 Hz -20kHz), thus, no spectral cues were available to the listeners to distinguish between the background noise and the target. The target stimulus was always 300 ms in duration and temporally centered within each of the intervals. The background noise was either 300 ms in duration, i.e. synchronous with the target, or was 800 ms in duration, i.e. asynchronous with 250 ms on both sides of the target. To investigate the effect of the background noise coherence, the background noise was either perfectly coherent or completely diffuse.
The target ILDs used for this experiment were ±6 dB, ±4 dB, ±2 dB and 0 dB. For every test condition, each subject was presented four repetitions that were randomly and uniformly distributed around each of the specified ILDs mentioned previously. The target stimuli were first generated at 70 dB SPL, and the ILD was applied by changing the levels at both ears in opposing directions by an equal amount in dB. The overall level of the acoustic pointer, i.e. the second interval, was roved over a 10 dB range around 70 dB SPL to ensure that listeners were unable to use monaural cues for the task. Also, the pause duration between the intervals was jittered from 250 ms to 750 ms, thus hampering listeners from using a temporal grid to focus on the target onsets. The SNR was fixed at 0 dB for all presentations.
Prior to conducting the actual experiments, listeners were allowed to practice lateralizing the stimuli until they were comfortable with the task, and this typically lasted 20-30 minutes. To ensure that the target was easily detectable for the SNR used, thresholds of detection at each of the center ILDs were measured for five of the nine participants in this study.
PSYCHOPHYSICAL RESULTS
In Fig. 1 , the perceived ILD for the population of listening subjects is plotted against the presented ILD where the thick gray line indicates perfect target lateralization performance. The responses for the baseline performance, i.e. without background noise, are plotted in every panel as open circles with the linear model fit to the data plotted as a dashed gray line. The responses for the test conditions with background noise are plotted as solid circles with the linear model plotted as a solid black line. The top two plots of Fig. 1 show the population performance for the test conditions where there was temporal asynchrony between the background noise and the target. For both the coherent background noise (t(1506) = −6.396, p < 0.001) and the diffuse background noise (t(1506) = −3.839, p < 0.002), the population performed significantly different than the baseline performance per a two-tailed, multi-comparison with Bonferroni adjustment. When the target and the background noise were synchronous, the performance of the population depended on the coherence of the background noise as seen in lower two plots of Fig. 1 . For a coherent background noise interferer, the slope of the linear fit to the population data is significantly smaller (t(1506) = 8.673, p < 0.001) than the baseline condition. Surprisingly, however, when the background noise was diffuse, the population was not significantly different from the baseline condition (t(1506) = 0.337, p = 0.999) suggesting that subjects can infer what the target ILD is despite the modified ILD due to the background noise.
DISCUSSION
The results obtained from the psychophysical experiments show that the perceived location of the target can either be pulled towards or pushed away from the midline depending upon the temporal relationship between the target and background noise. Because temporal synchrony is considered to be an important grouping cue for sound objects in mixed scenes, which can in turn affect how spatial information is combined (Best et al., 2007; Shamma et al., 2011) , it is reasonable to expect that a release from using the aggregate ILD at the ears is possible when the target and background noise are asynchronous. As seen in Fig. 1 for the asynchronous conditions, the population tended to make an overestimate of the target ILD. This is in agreement with Lee et al. (2009) that perceptually distinct objects repel each other.
Given the perceptual emphasis placed on signal onset information for ILD sensitivity (Stecker and Brown, 2012) and the importance of common onsets for object identification in multi-source scenes, it is not surprising that a target synchronous with a coherent background noise results in the perceived position of the target being pulled towards the interferer. Best et al. (2005) showed that over headphones pulling of the target towards the interferer was strongest when the two sounds were temporally overlapping. Therefore, it was quite surprising that the tendency of pulling was not observed when the background noise was diffuse and synchronous with the target. This result indicates that the coherence of the background noise plays a role in the auditory system's ability to identify the lateral position of the target. It is worth pointing out that although there was a significant degree of pulling for the synchronous and coherent background noise, subjects did not necessarily use the precise aggregate ILD, rather some bias towards the target ILD was maintained.
Although no absolute relationship can be made, previous ITD experiments using different degrees of background noise coherence could possibly provide insight into the results of the present study. An advantage of having an incoherent masker has been observed for sidedness experiments using tonal targets (Robinson and Egan, 1974) and for the just noticeable difference of ITDs with target bands of noise (Trahiotis and Bernstein, 1990) . However, Bernstein and Trahiotis (1995) showed no advantage between a coherent and incoherent noise masker for ITD jnds where the authors attributed this contrasting result to a smaller masker bandwidth being used. Since a smaller target bandwidth was also used, it is possible that the additional target information across frequency could provide on average a higher probability of hearing the target ITD in one of the peripheral filter pairs. Drawing a parallel to the experiments of the present study, the wide target bandwidth could have contributed to the ability of listeners to make a reasonable estimate of the target ILD when the interfering noise was diffuse. For this to be possible, a fairly small window to sample the ITD and/or ILD as shown in (Bernstein et al., 2001 ) would be required.
BINAURAL LOCALIZATION MODEL
Physiological evidence shows that cells within the Lateral Superior Olive are sensitive to ILDs and that these cells operate using an excitatory-inhibitory (EI) mechanism. The EC detection model proposed by Breebaart et al. (2001) is adapted here for lateralization purposes when background noise is present. Figure 2 provides a general schematic of the model presented in this paper, noting that only the level equalization aspect of the complete EC-model is considered. The left and right input signals pass through a series of compensatory level adjustments (α o ) resulting in two sets of ILD dependent taps where the difference between the left and right signals is computed using an EI-type element. The element with minimum activity is traditionally selected as the predicted ILD; however, the extension that this model provides is an α-dependent weighting function (β) subsequent to the EI-type elements. This weighting function is chosen such that it will yield a uniform model output for a diffuse noise input, which is indicative of the model not pointing to any specific direction because there is no minimum. Considering an ILD lateralized target (S o ) that is added to a diffuse background noise without an ILD where the left (N l ) and right (N r ) background noise signals are independent, the left and right input signals to the model can be written as
The weighting function is chosen such that the output at each of the EI-elements (D 2 ) is equal to one across all values of α where β di f f use is found to be a function of the compensatory level adjustment.
It is assumed in this study that listeners use β di f f use in general situations when there is no onset disparity between the target and background noise regardless of the background noise coherence. For the asynchronous conditions, however, it is reasonable that the intervals of background noise alone provides listeners with more information about the interfering source. This information could be considered to provide listeners with the ability to adjust the parameters of the weighting function. Similar to the methods employed to derive the weighting function for diffuse background noise, it is possible to determine the appropriate function (β coherent ) to account for the release from the aggregate ILD for the asynchronous, coherent background noise condition, i.e. N l = N r .
Without the application of β diffuse , the standard EC-model would predict the aggregate ILD of the target plus background noise stimulus regardless of the background noise coherence. By applying this weighting function, however, the model can make a reasonable estimate of the target ILD for diffuse background noise as seen in the left panel of Fig. 3 where the solid black line indicates the linear regression of the individual model predictions plotted as solid circles. This is quite similar to the performance trend observed in the psychophysical study, which is plotted as a dotted gray line. In contrast, the model predicts the aggregate ILD when the background noise is coherent as seen in the middle panel of Fig. 3 . Although a discrepancy exists between the model and subjective results with regard to the degree of pulling, it is apparent that this simple model is able discriminate between the two different tendencies that depend on the background noise coherence. The use of β coherent yields a model output close to the target ILD as shown in the right plot of Fig. 3 . While this release from using the aggregate ILD agrees with the behavioral results for the coherent, asynchronous condition, the tendency of subjects perceiving an exaggerated ILD is not described. 
FIGURE 3:
Scatter plot of the model predictions for the two weighting functions described above. For the synchronous background noise conditions, β diffuse is applied to the diffuse and coherent background noise conditions corresponding to the left and middle plots, respectively. The right plot is the predicted output when β coherent is applied to the asynchronous coherent background noise condition. In all plots, the circles indicate individual model predictions, and the linear regression for these data points is plotted as a solid black line. For reference, the linear model for the corresponding psychophysical results is plotted as a dashed gray line, and the solid gray line indicates perfect target lateralization. 
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SUMMARY
It has been demonstrated that the temporal disparity between the onsets/offsets of a target and background noise is a beneficial auditory cue for using the target ILD instead of the physical ILD at the ears for a lateralization task. In general for the asynchronous conditions, it appears that listeners might even perceive an ILD larger than the target ILD. If instead the target and background noises are synchronous, the coherence of the background noise could reduce the ability of a listener to use the target ILD, and subjects tend to hear the aggregate ILD.
This work has also shown that the application of a weighting function, which is dependent upon the compensatory level at every EI-element within an EC model, can account for the performance trends observed in the psychophysical results. The weighting is chosen such that for a diffuse background noise the EC-model gives a uniform output. Only for an asynchronous onset and coherent background noise is it assumed that a the weighting yields a constant EC output for coherent noise. This extension provides a model framework that can account for the difference in performance between the coherent and background noise when the target and background noise are temporally synchronous. An adjustment of this weighting function can also allow for a similar prediction for the asynchronous condition when the the background noise is coherent.
